Objective The location and inter relationship of the structures of the inferior alveolar neurovascular bundle within the mandibular canal has not been clearly defined. The knowledge of the same is important while planning surgeries in the posterior mandible. Methods Eight cadaveric mandibles were dissected and sections were made at the distal aspect of every tooth. The inferior alveolar neurovascular bundle was identified and examined for the location of the inferior alveolar artery, vein and nerve. Hematoxylin and Eosin sections were made for each specimen to confirm the position of these structures. Results All the sections in all the specimens confirmed that a blood vessel lies superior to the nerve. This position appeared consistent in all the positions relative to all the posterior teeth. There was a variation in the bucco-lingual positioning of these structures relative to each other for the various mandibles. Conclusion A blood vessel is found to always lie superior to the inferior alveolar nerve within the mandibular canal. Variations in the inter relationship of the structures is present. Significance This cadaveric study proves that all along the course of the neurovascular bundle, at various cross-sections studied, the inferior nerve is always inferior to a blood vessel. There can be great variations to the positioning of the structures within the neurovascular bundle in the buccolingual dimension and also in the exit of the nerve in various mandibles. Knowledge of the location of the structures is of importance during surgical procedures carried out in the vicinity of these structures.
Introduction
The knowledge of the anatomical position of the structures within the inferior alveolar canal is important for any surgical procedure in the posterior mandible. The inferior alveolar neurovascular bundle enters the mandible at the mandibular foramen and runs downward and medial within the mandibular canal (MC) to exist from the mental foramen. The neurovascular bundle that occupies the inferior alveolar canal contains the inferior alveolar nerve, the inferior alveolar artery and the inferior alveolar vein.
Osteotomies for endosseous implants should not be made until the position of the mandibular canal is established. Prior to any surgical procedure, radiographic examination is carried out either using panoramic radiographs or conventional or computerized tomographies. Peker et al. [1] reported that the mandibular canal could not be located in 19.4 % of the panoramic radiographs and 13.9 % of the conventional tomographs. During various surgical procedures of the posterior mandible there is a risk of complications involving the inferior alveolar neurovascular bundle. These could include altered sensation, numbness and pain, complete loss of sensation or excessive bleeding. Inferior alveolar nerve (IAN) injury occurs as a complication of mandibular third molar surgery with a frequency varying from 0.5 to 8 % [2, 3] .
Encountering anatomic variations is possible during surgical procedures and such incidences can manifest from ineffective mandibular blocks to major complications after surgery. Kilic [4] examined the mandibular canal in hemimandibles of cadavers and reported the presence of several branches of the inferior alveolar nerve at different sections. Pogrel [5] examined cadaveric mandibles for understanding the relationship of the neurovascular bundle in the 3rd molar region. He reported that there was a consistent presence of the vein along with the nerve. The artery was solitarily present. The precise location of these structures in relation to each other at different location in the mandibular canal has not been reported. This knowledge may be of some importance in procedures involving third molars and implant-related procedures.
The aim of this study is to understand the intra canal relationship of these structures during the course traversed by the neurovascular bundle from the 3rd molar up to its exit from the body of the mandible.
Materials and Methods
Eight fully dentate hemimandibles were selected from preserved human cadavers. Following gross dissection, the mandibles were carefully separated from all muscle attachments keeping the inferior alveolar neurovascular bundle intact at the mandibular and mental foramen region. A water cooled carborundum disc was used to make vertical sections distal to each tooth. The neurovascular bundle was exposed and the vein, artery, and nerve were visually identified to determine their exact orientation within the canal and in the mandible (Fig. 1) . The gross identification of the structures was done under 69 magnification.
A histological evaluation was done for all the sections to identify and confirm the location of the artery, vein and nerve to each other (Fig. 2) . The sectioned specimens were fixed for 24 h in 10 % neutral buffered formalin and then kept in decalcifying agent (20 % EDTA) for 15 days. The specimens were then immersed in a combination of 5 % formic and 10 % nitric acid for a period of 15 days. After decalcification was complete, the mandibles were processed and embedded in paraffin and sectioned into 5 lm slices. The sections were stained with routine Hematoxylin and Eosin stain and then studied under a compound microscope for further evaluation. The sections were taken at 49 (objective) magnification scanner view.
Results
The mandibular canal and neurovascular bundle of the mandibular canal were visible in all hemimandibles. The relationship of the artery, vein and nerve to each was examined from the external cortices of the mandible, from distal of the 3rd molar until its exit from the mental foramen. A schematic representation of the structures was made to understand their relationship to each other (Fig. 3) . In all the cross-sections studied a blood vessel was evident superior to the position of the nerve. Out of the 25 crosssections studied, a vein was present superior to the nerve in 19 (76 %) of the sections. Both the blood vessels were present superior to the nerve in 16 (64 %) out of the 25 cross-sections. The bucco-lingual relationship of the structures had variation. In only 12 out of 25 sections (48 %) one blood vessel was present buccal to the inferior alveolar nerve.
Discussion
The anatomy of inferior alveolar canal has been documented in various textbooks and previous cadaveric studies. However the relationship of the structures within the canal is still unclear. The relative location of the inferior alveolar canal and associated foramina in adults remain fairly constant without regard to age and sex [6] . Levine et al. [7] reported that the bucco-lingual IAN canal position Fig. 3 Schematic representation of the neurovascular bundle varied with the age and race of the patient. Many variations have been reported in the literature with regards to the inferior alveolar nerve and it course. Liu et al. [8] classified the course of the IAN as linear curve, spoon-shape curve, elliptic-arc curve and turning curve. These variations were seen on the pantomographs. Juodzbalys et al. [9] reported that the mandibular canal bifurcates in the inferior superior or medial lateral plane. Observation of the MC shape from the mandibular foramen towards the anterior part of the mandible showed several characteristic variations in the form of round/oval, tear-drop and dumbbell shape [10] . The identification of these variations may not be possible without conventional or computerized tomography. Therefore there is a need to understand the relationship of the structures within the canal.
Pogrel et al. [5] reported the relationship of these structures in the third molar region and concluded the presence of the vein superior to the nerve. The artery was found to be lingual to the nerve. This concurs with the results obtained from this cadaveric study. However his study reports the locations in the 3rd molar regions only, which are not significant for dental implant surgery. When the roof of the inferior alveolar canal is breached, bleeding may occur and this may be due to the damage to the vein. However if the insertion of the implant is halted at this point, damage to the nerve can be avoided. 
